The logical-mathematical evaluation model of blast-furnace melting operation is represented. The model provides an opportunity to evaluate the normal operation mode of blast furnace and further deviations from this mode such as overdeveloped gas flows (peripheral and central), violation of thermal melting conditions (hot and cold course of melt), violation of smooth descent of burned materials in the furnace (tight furnace operation, higher and lower suspension of burden). The functional capabilities of developed software are represented.
Introduction
To improve the technologies of iron smelting and solve the tasks of control of such complex and power-intensive process units as blast furnaces it is necessary to use the intelligent control systems [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The contemporary process of iron smelting in the blast furnace is subject to the influences of numerous and variable controlled and uncontrolled factors which cause the violations of blast-furnace melting operation. One of the methods to diagnose and control the blast-furnace melting operation consists in using the expert systems that include either determined knowledge about the process or formalized practical knowledge of blast furnacemen. The state analysis of question regarding the real practical use of mathematical models of blast furnace management on a real-time basis provides an opportunity to state that these methods and corresponding software are not practically developed today thus determining the actuality of this article [8] [9] [10] . 
Detection of the Normal Operation Mode of Blast Furnace
The deviation of ΔX i feature characterizing the furnace operation during the base (set values) and project period in i modulus shouldn't exceed the accepted ΔX acc i
value that is a model setting.
If condition (1) is met («True»), the value '1' will be assigned to i's identifier of P indication. In other way ('False'), it will be equal to 0. Therein, all indications are ranked.
Each of indications is assigned with the value of its R rank that is changed from 0 to 1 and determined by means of the expert evaluation.
The probability of normal operation of blast furnace (P ) is calculated according to the following correlation: The algorithm scheme for identification of deviations from the normal operation mode of blast furnace is presented in Figure 1 .
Detection of Deviations from the Normal Operation Mode of Blast Furnace
The diagnostics of the following deviations from the normal operation mode of blast furnace is specified:
1. Violation of gas flow stability (peripheral and central gas flows).
2. Violation of thermal melting condition (hot and cold course of melt).
3. Violation of smooth descent of burned materials in the furnace (suspension of burden (upper and lower), tight furnace operation).
In addition, the same methodology as for evaluation of normal operation mode of blast furnace is used. To find out the type of melting deviation from the normal operation mode it was considered expedient to compare two periods. One of such periods is a base one for which the values of melting parameters are a model setting that characterizes its normal operation mode. The second (project period) is chosen to identify the types of deviations from the normal operation mode of blast furnace. The data are collected during this period within 2 hours. The diagnostics of normal operation mode of blast-furnace and types of deviations from the normal operation mode of blast-furnace, the number of controlled and design (due to model) parameters for evaluation of these modes are represented in Table 1 .
Thus, 111 parameters including 40 complex design values are used to evaluate the blast-furnace melting operation.
Functional Modeling
The formation of functional model was the first stage of program product develop- The general number of decomposed blocks of functional model comprises 90 blocks.
The fragment of 1 level chart of functional model for subsystem that predicts the occurrence of deviations in the course of blast furnace melting shown in Figure 2 embraces the following functions:
1. 'Data collection and preprocessing' (A1) ensures the automatic filling of system with the data from CAPCS and enterprise information system (EIS).
'Detection of features of normal blast furnace operation' (A2) ensures the revalua-
tion and analysis of parameters deviation features.
'Detection of features of deviation from the normal blast furnace operation' (A3)
ensures the revaluation and analysis of such deviations as peripheral gas flow; central gas flow; hot course of melt; cold course of melt; tight furnace operation;
upper suspension of burden; lower suspension of burden; number of feeds.
'Development of recommendations on the maintenance technologies of blast furnace melting operation»' (A4).
The recommendations on the melt process correction are developed based on found deviations. The results of functional modeling permitted to further proceed to the next stages of system development, that is, creating the software architecture and implementation. The state of every deviation is specified. Moreover, there is a possibility to provide the detail information on the deviation. The form represented in Figure 4 as diagram shows the information about parameters influencing the probability of occurrence of the certain deviation.
Summary
1. The logical-mathematical model and program product for evaluation of the blastfurnace melting operation that provides the user with an opportunity to promptly evaluate the melting course are developed.
2. The use of computer information logical system allows the operating personnel to perform the diagnostics of blast-furnace operation on a real-time basis as well as solve the operational tasks relating to the controlling of blast-furnace melting technology.
